[1]{.smallcaps}. [I]{.smallcaps}ntroduction {#sec1}
===========================================

The global food system faces the challenge of meeting rising food demands for an ever-growing population. The global population is projected to reach nine billion people by 2050, which requires an immense increase in food production ([@bib21]). Achieving such growth without aggravating environmental problems is a significant concern. Clearly, food systems that are economically, socially, and environmentally sustainable should be found, in order to adequately feed the world\'s population.

Smallholder farmers predominantly live in developing countries. They cultivate small parcels of land for their living, making little use of modern inputs ([@bib1]; [@bib42]). Despite their typically low yields, smallholders produce a significant share of the food in many developing countries, making their farming crucial for poverty alleviation, food security, and sustainable food systems ([@bib52]; [@bib57]; [@bib69]).

Such farmers also dominate Senegal\'s agricultural production ([@bib16]; [@bib76]). In Senegal, climate change, in the form of unpredictable seasonal rains and drought, hinders the development of more sustainable agriculture. Climate-related shocks such as droughts and floods lead to a higher rate of soil erosion, salinization in agricultural soils, and destruction of critical infrastructure. Nevertheless, less than 10 percent of cultivated land is under irrigation, making Senegalese agriculture profoundly dependent on rainfall ([@bib25]). Adopting agricultural technologies, such as water-saving technologies, or drought-resistant varieties ([@bib6]), may enable better adaptation of the agricultural systems to the changing climate ([@bib6]). For example, farmers may be more tolerant to drought by using water-saving technologies. Such technologies increase the use efficiency of the available water and reduce water loss ([@bib11]). Farmers can also use drought resistance plant verities which can overcome arid or drought conditions ([@bib70]).

Poor farming practices and multiple other issues, from financial credit to land tenure, and gender discrimination exacerbate the situation ([@bib16]; [@bib47]; [@bib49]; [@bib66]; [@bib71]; [@bib72]; [@bib76]). Similar to other developing countries (e.g., Malawi, Ethiopia, Kenya, Tanzania, and Uganda), the poor performance of Senegal\'s agricultural sector is also due to a limited take-up of productivity-enhancing inputs and technologies among smallholder farmers ([@bib13]; [@bib16]; [@bib46]; [@bib47]; [@bib75]; [@bib76]). Its inadequate performances notwithstanding, Senegal\'s agricultural sector remains vital to the national economy ([@bib67]; [@bib76]). It is, therefore, of crucial importance that local smallholders actively engage in improving their production to increase their revenue and enhance their food security ([@bib16]).

In many cases, innovative technologies are predicted to play a significant role in the development of sustainable agricultural systems, which promise to enhance food security in Senegal ([@bib6]; [@bib16]; [@bib66]). Yet, the rate of sustainable technology adoption and implementation in Senegal remains very low ([@bib5]; [@bib47]; [@bib58]). Studies of technology adoption in developing countries suggest that the main barriers hindering adoption are lack of access to sustainable technologies and to information about them, and lack of financial services ([@bib2]; [@bib5]; [@bib9]; [@bib17]; [@bib41]; [@bib45]; [@bib49]; [@bib73]; [@bib77]). Other factors thought to influence the rate of adoption are household-specific characteristics such as the farmers\' age, gender, household size, and education ([@bib45]; [@bib68]). Nevertheless, increase in productivity may be associated with the increase in costs of production. As a result, the actual profit to the farmer remains the same or may decrease due to credit repayment or loss of opportunity for labor use, thus-contributing to low adoption rates as well ([@bib39]).

These barriers fail, however, to explain in full the dynamics of technology adoption by farmers, as their removal does not guarantee that a particular innovation would be actually adopted. A previous investigation ([@bib8]), based on anecdotal evidence from various case studies, indicated that economic factors alone do not explain convincingly why agricultural technologies are adopted or rejected by farmers. To date, literature based on an empirical study of the adopters is scarce ([@bib20]), and much remains unknown about the adoption of technological means by farmers. Other studies suggest that the existent research on agricultural technology adoption ignores innovative research methodologies and lacks a holistic, robust, interdisciplinary perspective ([@bib27]; [@bib65]). Moreover, researchers have been calling to theorize resilient, intangible, and non-material dimensions of agriculture (e.g., subjective, emotive, and relational forms) that emerge from specific local social-cultural-ecological contexts ([@bib7]; [@bib61]).

Given the literature gap and the lack of comprehensive analysis of factors affecting smallholders\' decision-making processes on technology adoption, the present study introduces an innovative interdisciplinary approach, combining positive psychology and sustainable development studies. The paper begins with a description of our theoretical framework and hypotheses, suggesting that character strengths (CS), are associated with agricultural technology adoption by farmers. Specifically, three CS: creativity, judgment (i.e., open-mindedness, critical thinking), and perspective are hypothesized to be correlated with adopting technology, as they are associated with complex problem solving, better analyzing skills, and generating innovative ideas. To support this hypothesis, we conducted a field study in Senegal, in which we examined the connection between these CS and technology adoption. Data collected from 335 plots by a face-to-face questionnaire were analyzed using binary logistic regression analysis. A discussion of the survey findings follows a short review of the research methodology. Finally, directions are proposed for further research, followed by several recommendations.

[2]{.smallcaps}. [T]{.smallcaps}heoretical framework {#sec2}
====================================================

We suggest that character strengths (CS), namely, personal resources, are predicted to influence the decision of whether or not to adopt a technological innovation ([@bib8]). Despite the potential benefits of utilizing CS for the implementation of sustainable technologies, researchers and practitioners have typically focused their attention on character flaws and barriers ([@bib8]). In line with our positive psychology orientation, we follow the theory put forward by [@bib53]. They define CS as human capacities to feel, think, and behave in ways that benefit others and themselves. While all humans possess all of [@bib53] 24 CS (e.g., creativity, curiosity, bravery, fairness, self-regulation, and judgment), each individual is unique in using a specific set of strengths, hence the differences in the overall application of strengths. Peterson and Seligman\'s theory also identifies six classes of "core virtues" (transcendence, temperance, justice, humanity, wisdom, and courage), that are derived from the 24 measurable CS.

Based on Peterson and Seligman\'s theory, we hypothesize that specific character strengths may be more closely associated with sustainable technology adoption. Our initial investigation focuses on three specific strengths: creativity, judgment (i.e., open-mindedness), and perspective. All three strengths belong to the "wisdom" virtue. [@bib53] define this core virtue as knowledge hard fought for and then used for good. It is a form of noble intelligence that is not synonymous with general intelligence or academic honors. The virtue of wisdom involves strengths related to the way knowledge is acquired and used ([@bib34]; [@bib53]; [@bib64]). As such, it is thought to be highly relevant to looking for technological information and adopting a specific technology. We have chosen to explore a narrower scope of CS than originally proposed by [@bib53], based on recent research that argues for careful selection of context-specific strengths ([@bib63]). The following section describes our theoretical framework, suggesting that a relation exists between sustainable technology adoption and creativity, perspective, and judgment.Judgment (open-mindedness, critical thinking)

The wisdom-related strength of judgment stands for the ability to adopt a balanced and objective mindset when engaging in complex problem solving ([@bib53]). People with a high capacity for judgment tend to think matters through and examine them from all aspects. They do not jump to conclusions and prefer relying on substantial evidence in making decisions. They use cognitive skills or strategies that increase the probability of a desirable outcome ([@bib30]), and are known for weighing all evidence fairly ([@bib48]; [@bib53]). Judgment is also a "corrective virtue" that counteracts faulty thinking and biased opinions, thus enhancing decision making ([@bib48]). It is linked with a willingness to search for evidence supporting one\'s favorite beliefs, plans, or goals ([@bib53]). Given that evidence regarding the adoption of sustainable technologies is favorable towards adoption, farmers that investigate adoption should decide to adopt technologies.

This CS is often used to describe a way of thinking that is purposeful, reasoned, and goal-directed. Such thinking is often related to problem-solving, inference, likelihood evaluation, and decision making, where the thinker uses skills that reflect contemplation and are effective in a particular context and for a specific purpose ([@bib30]). People with enhanced judgment tend to apply their skills to learning new techniques effectively, and associate newly acquired knowledge with previously obtained information ([@bib30]).

Another aspect of this strength is open-mindedness. People with high judgment capacity are commonly thought to be broad-minded and flexible in approaching change ([@bib53]). Moreover, open-mindedness about change has been shown to generate highly creative outcomes ([@bib26]).

Accordingly, we suggest that farmers with a high capacity for judgment are likely to strategize, contemplate and weigh the possible results of technology adoption, and probably be able to think beyond the initial investment and envisaged difficulties and see the anticipated positive outcomes. A farmer with good judgment, who grew up on a farm and was taught to use specific farming practices, might actively challenge these practices, applying his ability to counteract faulty thinking and biases. Goal-directed thinking and a drive to solve problems, which characterize farmers with good judgment, would encourage adopting new technologies and practices to enhance farm productivity. Good judgment may urge farmers to acquire new skills that are needed for technology adoption, such as how to install and manage the new technology. Lastly, as adopting and experimenting with a new technology clearly involves lifestyle changes that would require broad-mindedness and flexibility, people with good judgment would be likely to venture them. Based on the above, we hypothesize that people with high judgment strength are more likely to adopt new technologies.Perspective

In the literature, perspective, also referred to as "wisdom" ([@bib53]), has a number of definitions that spring from different theoretical and methodological approaches. [@bib53] maintain that this character strength is distinct from intelligence, representing a superior level of knowledge, judgment, and advisory ability. Moreover, the introspective qualities of perspective enable one to view the same idea from different aspects, generate permutations, and consequently produce more possibilities for consideration. Ultimately, given this breadth of options, the perspective may yield a primary outcome ([@bib3]).

In the context of organizational research, [@bib44] suggest that perspective provides executives with more information and greater cognitive ability towards performing effectively five key executive tasks: (1) scanning, namely, assessment of a competitor\'s strengths and weaknesses, and integration of competitor and customer views into own strategy; (2) case analysis, and (3) forecasting, which facilitates trend identification within industries; (4) idea generation, and (5) planning.

Farmers require a broad perspective capacity to better understand the strengths and weaknesses of technologies, select trends that are relevant to their farm, gather different views (i.e., those of suppliers or other farmers), and integrate them into a holistic vision. Perspective helps accomplish these cognitive tasks as it comprises skills that enable integrating viewpoints different than one\'s own ([@bib48]; [@bib53]).

It is possible to regard the heads of farming households as executives, who are in charge of operating the farm---as such, having a broader perspective may assist them in performing effectively the five key executive tasks in their farms. Using their perspective strength, they will be able to scan different new available technologies against the ones that they already use, identify these technologies\' advantages and disadvantages, generate relevant ideas, and plan ways to advance their farming practices. Comprehensive analysis of sustainable technologies that are beneficial to both the farmer and the environment would assist the farmer in preparing to adopt new technology. Planning may also help the farmer overcome existing barriers (e.g., by saving initial investment money).

We hypothesize that farmers with a well-developed perspective are more likely to adopt innovative sustainable technologies, as it enables them to better understand the technology, gather and integrate different views regarding the technology, and analyze the information to acquire a holistic vision.Creativity

Creativity, as defined by [@bib53], consists of two essential components-- originality and adaptiveness. A creative individual generates innovative or unusual ideas or behaviors that make a positive contribution to an individual\'s life or the lives of others ([@bib60]). Creative people are capable of thinking up a novel and productive ways of doing things but also of conceptualizing them ([@bib48]). They can solve problems in innovative ways, and would not take the conventional path if a better option is available ([@bib53]).

[@bib22] maintains that creative people possess a unique set of traits. They tend to be independent, nonconformist, unconventional, likely to be open to new experiences, cognitively flexible, and bold in risk-taking. [@bib78] show empirically that tolerance for ambiguity interrelates with creativity moderately and positively. Similarly, higher levels of general creativity empirically predict higher levels of cognitive tolerance to risk ([@bib12]).

Creative farmers continuously seek innovative solutions. This suggests that they may view new technology as an upgrade, and appreciate it as potentially capable of helping overcome challenges such as climate change or food security. Given that creative farmers actively seek innovation, they are likely to take an interest in learning about recent innovations, rather than settle for current practices. Considering that they may regard technology as a way to overcome challenges and improve their yields, we suggest that they will be more likely to adopt it. Furthermore, farmers are known to be often risk-averse, and as such reluctant to adopt new technologies ([@bib43]). Creativity may buffer their reluctance, making them more flexible, open to new experiences, and tolerant of ambiguity. It is, therefore, hypothesized that they are more likely to trust and adopt new technology.

[2.1]{.smallcaps}. [T]{.smallcaps}he case for drip irrigation {#sec2.1}
-------------------------------------------------------------

Drip irrigation is a technology that may well play a significant role in climate change mitigation. Ultimately, its adaptation has the potential to enhance food security in countries such as Senegal. Thus, this was chosen as the technology that is explored in this case study. To produce food in quantities that would sustain the earth\'s growing population, it is necessary to expand the land area under irrigation while at the same time using proportionately less water ([@bib21]).

Drip irrigation systems save water and nutrients, trickling water slowly down to the roots of plants ([@bib54]). This promises to increase land productivity and, consequently, the income of smallholders ([@bib55]). Drip irrigation has several advantages that increase yields ([@bib15]): (1) higher water efficiency, resulting from direct application to the roots, and less water loss due to evaporation, runoff, and deep percolation; (2) fewer fluctuations in soil water content, and consequent avoidance of water stress; (3) improved agricultural practices such as fertilizer application and weed control ([@bib15]); and (4) reduced labor cost compared to other irrigation methods ([@bib55]). Not only does drip irrigation save 50 percent of the water used in conventional irrigation methods, but it is likely to compensate for higher temperatures, namely, help agriculture adapt to global warming ([@bib35]).

Of Senegal\'s total irrigable area, 30 percent is not yet irrigated ([@bib51]). Despite the many advantages of drip irrigation, the greater part of Senegal\'s irrigated area uses surface irrigation systems ([@bib51]). A number of obstacles stand in the way of drip irrigation adoption: the system is quite costly ([@bib54]), meaning that many farmers cannot afford the initial investment without taking risky loans or investing a considerable part of their limited resources in the new technology. To adopt drip irrigation, users must acquire new management and technical skills ([@bib54]), and put much time and effort into obtaining such skills. Moreover, users are often faced with technical problems such as emitter blockage (clogging of the emitters due to inadequate filtration of water impurities) ([@bib54]). In some of the studied areas, the land characteristics were found to be specifically problematic for drip irrigation. One problem that emerged was a high iron content in the water, which sometimes causes emitter blockage. Farmers are faced with the challenge of devising ways to overcome such obstacles.

Therefore, to increase the rates of drip irrigation adoption, farmers must have access to technology, sufficient financial resources, and the educational background required to acquire such skills. It is equally important, however, that they decide to adopt this technology and be willing to make the effort involved.

[2.2]{.smallcaps}. [H]{.smallcaps}ypotheses {#sec2.2}
-------------------------------------------

Combined, the characteristics of drip irrigation and the character strengths discussed above, generate the following hypotheses:(1)**Creative** farmers who constantly seek innovation, sophisticated solutions, and improvements are likely to appreciate a novel technology that might help overcome challenges such as climate change and food security. Given that these farmers are also more tolerant of ambiguity, they are even more likely to take a bold decision and adopt the new technology.(2)Farmers with a high sense of **perspective** are likely to better understand the strengths and weaknesses of the technology. They will gather and integrate different views into a holistic vision and devise ways to move forward with their farming practices. By planning, they may also remove specific barriers (e.g., save money for initial investment). Since drip irrigation has many advantages for both the farmer and the environment, a broad perspective is expected to yield an analysis that would encourage farmers to adopt this new technology.(3)Lastly, farmers with a developed capacity for **judgment** will weigh different options and rely on substantial evidence in deciding whether to adopt drip irrigation. Given that adopting drip irrigation can potentially have a positive influence on the farmer\'s life, a full examination of this technology should lead to the decision to adopt it. Moreover, these farmers will be open to change and willing to gain the required new skills.

[3]{.smallcaps}. [M]{.smallcaps}ethod {#sec3}
=====================================

[3.1]{.smallcaps}. [S]{.smallcaps}ample and procedure {#sec3.1}
-----------------------------------------------------

Three highly experienced enumerators, one coordinator, and one researcher were involved in collecting the survey data by face-to-face interviews. The enumerators underwent preparatory training before testing the questionnaire on farmers. The training sessions yielded useful feedbacks that were incorporated into the final structured questionnaire.

The enumerators were tasked with driving to villages around Thiès and engaging in conversations with farmers who met the following specifications: 1) Owned up to 10 ha of land; 2) Were the ones who mainly decide the nature of the household\'s agricultural enterprises; 3) Took individual agricultural decisions (as opposed to group decisions); and 4) Grew vegetables. As per the second specification, we note that in some cases, agrarian production decisions are not made by a specific person. Though not ideal, we aimed to interview a dominant decision-maker on the farm. The ethical aspect of the study were approved by the Tel Aviv University Institutional Review Board. For robust statistical analysis, we sought to attain the largest sample possible. Yet, we wanted to work with a small, highly trained and qualified team of enumerators, who drove together in the designated areas to survey farmers. Thus, we decided to survey 383 plots.

The study followed the established ethical guidelines and regulations. All the participants joined the study on a voluntary basis and expressed their informed consent after being guaranteed anonymity. Finally, the main survey, consisting of face-to-face interviews of the enumerators with the farmers, was conducted in April and May 2018. In July 2018, the researchers visited several surveyed villages to get a first-hand impression of the holdings and verify the validity of the collected data.

The research participants were 335 farmers from the Thiès region in Senegal. [Table 1](#tbl1){ref-type="table"} displays the sample demographics. In each plot, the only person interviewed was the household head, in charge of making the agricultural decisions. Thus, 335 farmers represent 335 plots. The average size of the cultivated area was 4.4 ha. Thirty-three of the farmers cultivated additional leased land; the average leased area in the sample was 0.26 ha. Note that the total number of surveyed plots was 383. Thirty-one records were removed, as they did not meet the above-mentioned conditions. By using a Stem and Leaf Plot, seventeen records were identified as outliers based on their yearly income and were removed from the sample as well. Thus, the final sample comprised of 335 participants.Table 1Sample demographics (N = 335).Table 1Gender31 female, 304 menAge19--75Household size5-31 (average of 13)Ethnic groupWolofPularSererOther66%20%12%2%

[3.2]{.smallcaps}. [M]{.smallcaps}easures {#sec3.2}
-----------------------------------------

Character strengths. To assess the levels of different character strengths in the farmers, we used the *VIA-72 questionnaire.* This measuring scale ([@bib53]) consists of three statements per each of the 24 possible strengths. We used the statements for creativity, judgment, and perspective, namely nine statements in all. For example, one statement measuring perspective is "others consider me to be a wise person"; one statement measuring creativity is "I am always coming up with new ways to do things"; and one statement measuring judgment is "I always weigh the pro\'s and con\'s." If the whole 72-item questionnaire is used, the internal consistency reliability is .75 on average (α = 0.83 for creativity, α = 0.73 for judgment, α = 0.73 for perspective), and initial validity coefficients range from .36 to .48 ([@bib53]). The farmers rated the statements on a 5-point Likert scale ranging from *Very much like me* (1) to *Very much, unlike me* (5).

Distance from Thiès: Distances were calculated using the GPS coordinates acquired automatically in each farm. We used the haversine formula ([@bib14]) to calculate the distance (in kilometers) from the closest city -- Thiès. Distance is a marker representing access to infrastructure.

Total annual income: Income was measured in West African CFA franc (XOF). It comprised income from agriculture as well as from other sources (private business, casual labor, formal employment by a company or the government, money transfers by migrants). Agricultural income was measured separately and was found to correlate positively (.335) and significantly (sig = .000) with the total income (using Pearson correlation). The annual income, therefore, refers to both agricultural income and the total sources of income.

Education: Number of respondent\'s years of formal education.

Land suitability: The data on land suitability was provided by the local company Horticulture Agriculture en Afrique - H2A, which monitors local farmers and provides them with recommendations on irrigation and soil optimization. This is a binary scale, where 0 is low suitability (for example, due to high iron content in the water, risking to damage drip irrigation systems if not addressed properly), and 1 is normal land suitability, where drip irrigation is easier to apply.

In addition to the above, the survey included general socio-demographic questions such as ethnicity, family size, and gender. The farmers were also asked whether they had received in the previous year any information on agriculture or technological samples (from the government, an NGO, an agricultural cooperative, or another source).

Lastly, to learn about ongoing irrigation routines, the farmers were asked to describe their irrigation techniques. If they claimed to be using drip irrigation, the enumerators checked the field to confirm the information and asked the farmers how long they have been using this technology.

[3.3]{.smallcaps}. [A]{.smallcaps}nalysis {#sec3.3}
-----------------------------------------

Because the dependent variable is binary (adoption vs. non-adoption of drip irrigation), binary logistic regression was applied to identify factors associated with adoption. Binary logistic regression estimates the probability that a characteristic is present (in this case, estimates the probability of drip irrigation adoption) given the values of explanatory variables, in this case: creativity; judgment; distance from Thèis; total annual income; education; and land suitability. This method does not assume a linear relationship between the dependent variable and the independent variables. It is assumed that the logit transformation of the outcome variable has a linear relationship with the predictor variables. Thus, we will specifically focus on the odds ratio when interpreting the results. The odds ratio represents the constant effect of a predictor on the likelihood that the outcome (in this case, adoption of drip irrigation) will occur.

[Eq. (1)](#fd1){ref-type="disp-formula"} represents the multiple logistic regression model used in this analysis. Though we conducted a binary regression, ordinary least squares (OLS) regression was used to rule out multicollinearity ([@bib37]), and take advantage of a greater choice of statistics that are easier to interpret. We used a maximum Variance Inflation Factor (VIF) threshold of 5 and a minimum tolerance threshold of 0.2 ([@bib29]; [@bib32]).

[Eq. (1)](#fd1){ref-type="disp-formula"}: $$\ln\left( \frac{p\left( adoption \right)}{1 - p\left( adoption \right)\ } \right) = B_{0} + B_{1} \ast judgment + B_{2} \ast creativity + B_{3} \ast perspective + B_{4} \ast education + \ B_{5} \ast land\ suitability + B_{6} \ast income + B_{7} \ast distance + \varepsilon$$

[4]{.smallcaps}. [R]{.smallcaps}esults {#sec4}
======================================

To investigate the character strengths measuring scale, factor analysis, and reliability analysis were conducted. The measuring scale consists of three items per each strength, and each item includes a statement that was rated by the farmers on a Likert scale. A principal component analysis was used to find out whether the items of the same scale all load on the same factor.

**(1) Creativity**: One component was extracted. Item loadings were higher than 0.717. The Cronbach alpha for this scale was α = .601 (3 items). **(2) Judgment**: One component was extracted. Item loadings were higher than 0.755. The Cronbach alpha for this scale was α = .643 (3 items). **(3) Perspective:** Though only one component was extracted, item loadings were higher than 0.782 for two items, but the loading for the third item was only 0.366, suggesting that the scale is unreliable. The Cronbach alpha for this scale was α = .376 (3 items). Based on the factor analysis, we calculated the Cronbach alpha using only the two items that loaded together in the factor analysis. However, the Cronbach alpha was still low α = .501 (2 items). Consequently, we decided to discard the perspective in the final analysis.

[Table 2](#tbl2){ref-type="table"} displays the descriptive statistics and correlations between all the study variables. Because the dependent variable is binary, binary logistic regression was applied to identify factors associated with adoption. [Table 3](#tbl3){ref-type="table"} displays the maximum likelihood estimates (standardized) of the logistic regression model, the standard deviations, and the respective results of the Wald tests (df = 1). In addition to CS, the analysis also included and accounted for the following: distance from Thiès (the nearest city), annual income, land suitability, and education. We also checked age, gender, household size, size of holding, and ethnicity, but none of these variables was found to affect the results significantly. Eight farmers (2.4%) stated that they had received some information on agriculture or technological samples over the previous year (from the government, an NGO, an agricultural cooperative, or another group or association). Since only two farmers reported they had received free drip irrigation systems, this factor was not included in the analysis.Table 2Descriptive statistics and correlations amongst study variables.Table 2CorrelationsDescriptive Statistics1234567Min.Max.MeanStd. Deviation1. Creativity1152.810.912. Judgment.451[∗∗](#tbl2fnlowastlowast){ref-type="table-fn"}11.6753.980.783. Distance from Thèis (km)-.189[∗∗](#tbl2fnlowastlowast){ref-type="table-fn"}-.01512.0641.9325.1610.064. Total annual income (XOF).037.095.204[∗∗](#tbl2fnlowastlowast){ref-type="table-fn"}190,0005,000,0001,618,2261,153,6145. Education (years).070.143[∗∗](#tbl2fnlowastlowast){ref-type="table-fn"}-.008.110[∗](#tbl2fnlowast){ref-type="table-fn"}10122.193.686. Land suitability.271[∗∗](#tbl2fnlowastlowast){ref-type="table-fn"}.084-.591[∗∗](#tbl2fnlowastlowast){ref-type="table-fn"}-.116[∗](#tbl2fnlowast){ref-type="table-fn"}.0741010.360.487. Drip irrigation.359[∗∗](#tbl2fnlowastlowast){ref-type="table-fn"}.287[∗∗](#tbl2fnlowastlowast){ref-type="table-fn"}-.332[∗∗](#tbl2fnlowastlowast){ref-type="table-fn"}.131[∗](#tbl2fnlowast){ref-type="table-fn"}.165[∗∗](#tbl2fnlowastlowast){ref-type="table-fn"}.353[∗∗](#tbl2fnlowastlowast){ref-type="table-fn"}1010.220.415[^1][^2]Table 3Standardized logistic regression results for drip irrigation adoption, and collinearity statistics (∗based on OLS regression), N = 335.Table 3BS.E.WaldSig.Odds ratioCollinearity StatisticsTolerance∗VIF∗Creativity.469.1856.460.0111.60.7381.356Judgment.572.2147.144.0081.77.7761.288Distance from Thiès-.507.1917.055.008.60.6291.591Total annual income1.559.5448.221.0044.75.9381.067Education.311.1464.538.0331.37.9641.037Land suitability.518.1937.182.0071.68.6211.611Constant-1.459.18959.588.000.23

The adoption of drip irrigation is explainable with a Nagelkerke R^2^ of 0.385, a significant model chi-square (chi-square = 96.97, df = **6**, Sig.\<.001), and log-2 likelihood of 256.8. The findings show that drip irrigation adoption is significantly and positively associated with creativity (B = .469 OR = 1.60, Sig. = 0.011), and with judgment (B = .572 OR = 1.77, Sig. = 0.008), supporting our hypothesis. It was also found to be significantly and positively associated with the total annual income (B = 1.559 OR = 4.75, Sig. = 0.004), education (B = .311 OR = 1.37, Sig. = 0.033), and land suitability (B = .518 OR = 1.68, Sig. = 0.07), thus supporting the existing literature ([@bib41]; [@bib45]; [@bib73]). Furthermore, in agreement with the literature, the adoption of drip irrigation was found to be inversely proportional to the distance from Thiès (B = -.507 OR = .60, Sig.\<0.008). When conducting a binary logistic regression, the odds ratio represents the constant effect of a predictor on the likelihood that the adoption of drip irrigation will occur. Notably, the relative effect of both strengths is high -- a one-point rise on the creativity scale may increase adoption odds by 1.6, a one-point rise on the judgment scale may increase adoption odds by 1.77.

OLS regression was used to ensure that no strong multicollinearity exists between independent variables (see method section). The VIF and Tolerance results confirmed that no strong multicollinearity existed ([Table 3](#tbl3){ref-type="table"}).

[5]{.smallcaps}. [D]{.smallcaps}iscussion {#sec5}
=========================================

The present study reveals a significant connection between character strengths (CS) and technology adoption. To date, the innovative CS factors have not been explored yet in this context. The study broadens the scientific understanding of variables connected with environmental technology adoption by smallholder farmers in developing countries. Despite their typically low yields, smallholder farmers produce a significant share of the food supply in many developing countries, making farming a crucial factor in both poverty alleviation and food security. The scientific evidence obtained offers an important empirical basis for future practical recommendations in the spheres of environmental policy, positive psychology, and innovation adoption.

The results of the quantitative analysis demonstrate that annual income, education, distance from the nearest city, and land suitability, are all associated with the adoption of drip irrigation. This adds empirical evidence to the literature, supporting the claim that such relationships actually exist ([@bib9]; [@bib17]; [@bib41]; [@bib45]; [@bib73]). Given the high cost involved in purchasing a drip irrigation system, it is quite reasonable that income should strongly affect adoption odds. A higher education level improves a farmer\'s general ability to access, process, and implement information relevant to technology adoption ([@bib36]; [@bib41]). Education also helps farmers develop the skills required for using drip irrigation. Being distant from Thiès may prevent access to extension services, through which farmers learn about the availability of new technologies and the advantages of their use ([@bib41]; [@bib45]). Distance also disconnects farmers from the market, undermining their effort to sell yields, thus affecting income and the ability to invest in new technology. As for land suitability, farmers toiling to cultivate difficult land would obviously hesitate to cope with additional difficulty by adopting new technology.

Arguably, the most important contribution of this paper is that it shows a significant connection between two character strengths, judgment and creativity, and the adoption of drip irrigation by farmers in Senegal\'s Thiès region. Not only are these strengths shown to be directly linked with the adoption of drip irrigation, but also their relative effect is stronger than that of various other factors that have been widely described in the literature, such as education and distance from the nearest city. A one-point rise on the creativity scale may increase adoption odds by 1.6; a one-point rise on the judgment scale may increase adoption odds by 1.77. These results suggest that in addition to access to the technology, means to make the necessary investment, and sufficient education to acquire the skills required to use the technology, farmers must be highly motivated to improve their farm, understand the technology to make the best use of its advantages, and be willing to make the effort of adopting it.

More specifically, the association between creativity levels and drip irrigation adoption fits well in the theoretical framework presented above ([@bib12]; [@bib22]; [@bib48]; [@bib53]; [@bib60]; [@bib78]). Creative farmers constantly seek innovations, solutions, and improvements ([@bib60]). Drip irrigation is a technology that has the potential to increase yields and help farmers cope with low water availability. Creative farmers are likely to appreciate such novel technology that might help overcome challenges ([@bib48]; [@bib53]). That these farmers are also more tolerant to ambiguity ([@bib12]; [@bib22]; [@bib78]), increases the likelihood that they would take the leap of faith and adopt the new technology, even though it is capital-intensive and may be initially difficult to manage.

The association between judgment levels and drip irrigation adoption could be explained by the implications of the developed judgment. Farmers with a developed sense of judgment would weigh the different options and decide whether to adopt drip irrigation or not based on solid evidence ([@bib26]; [@bib30]; [@bib48]; [@bib53]). Given that adopting drip irrigation is expected to have a desired positive effect on the farmer\'s life, full examination of this technology would probably lead to its adoption. Moreover, such farmers will be open to change and willing to acquire the new skills required ([@bib38]). The actual benefits of drip irrigation to farmers in this context also need to be further explored. This is important as, in some cases, an increase in productivity may result in a decrease in wealth ([@bib39]). Though we discuss evidence for the positive implications of sing drip irrigation, this matter may be further investigated for the specific ample, and in general.

The present study takes a first step towards demonstrating the important role of CS in choosing to adopt agricultural technologies. As such, it contributes to narrowing the current literature gap regarding factors affecting smallholders\' decision-making processes before adoption. CS are relevant to the vast majority of cultures throughout history ([@bib53]). As such, they are likely to be relevant worldwide for people involved in different agricultural practices ([@bib8]; [@bib53]). The association between CS and technology adoption should be further explored to cover various types of technology in other communities, as well as different usage purposes, and take into account intra-household dynamics. Future studies should also explore other CS and make use of more extended and more developed versions of the CS questionnaire ([@bib53]).

To determine the precise type of intervention that will promote technology adoption and in order to suggest practical recommendations, additional empirical research should be conducted. Forthcoming studies should lean on a more diverse and larger sample, to validate further the findings of the current study. We are aware that the sampling of the present preliminary investigation risks being biased, because it examines a specific population. Although hard data were used to corroborate the respondents\' reports, self-reporting, and post-facto techniques are known to have weaknesses such as, selective memory, response biases, overstatement of motivations and positive self-attribution ([@bib33]). Future research can also investigate a more elaborated (hierarchical) decision model. Such an assessment should probably include both quantitative and qualitative methods.

Further interdependencies between social conditions and CS should be studied, particularly the connection between education and CS. In this initial investigation, judgment was significantly positively correlated with education levels ([Table 2](#tbl2){ref-type="table"}). The judgment strength has been shown to correlate with academic success in the past ([@bib38]). On the other hand, higher education levels may predict higher judgment (critical thinking) (e.g., [@bib40]).

While creativity was not directly correlated with education levels, it was negatively correlated with distance from Thiès (meaning that the farmers\' creativity was higher when they lived closer to the big city) and positively correlated with land suitability ([Table 2](#tbl2){ref-type="table"}). Research shows that creativity may be facilitated in schools (e.g. [@bib4]; [@bib19]; [@bib31]; [@bib56]), and rural education is poorer than urban education in Senegal ([@bib10]; [@bib28]). Thus, people living closer to cities may have gotten better education, which facilitated creativity. Future research should explore the connection between the quality of education and the levels of CS in general, and their specific paths for influencing technology adoption.

The current study did not provide empirical evidence to the existence of a connection between the CS of perspective and drip irrigation adoption, due to difficulties in assessing prospective levels. In spite of this, there are theoretical indications that such association reasonably exists, and it should, therefore, not be ignored. With this in mind, future studies should explore empirically the theory put forward, either by means of a longer and more developed version of the questionnaire ([@bib53]) or by administering alternative existing questionnaires (see review by [@bib53]).

Furthermore, the adoption of agriculture technology may both affect and be affected by the intra-household organization ([@bib79]). For example, rather than investing in the adoption of drip irrigation, parents may prefer to invest in the education of their children so that the children will, later on, be able to find well-paid jobs outside agriculture ([@bib79]). Moreover, the adoption of drip irrigation may have implications for gender and intra-household dynamics ([@bib50]). For example, women have lower access to most resources, particularly information ([@bib50]). Moreover, irrigation improvements may reduce the time that women spend collecting water. However, women\'s agricultural workload may increase with irrigated agriculture ([@bib18]; [@bib74]; [@bib79]). The association between technology adoption and household organization should be further explored in the future.

Another aspect the current study did not delve into was the connection between CS and well-being variables in farmers. There is strong evidence in extant literature that connections do exist between well-being, life satisfaction, and CS (e.g. ([@bib48]; [@bib53])), and between the practical application of CS and happiness ([@bib53]). Future studies should, therefore, follow this line of investigation and further explore possible positive offshoots of increased utilization of CS by farmers.

[6]{.smallcaps}. [C]{.smallcaps}onclusions and policy recommendations {#sec6}
=====================================================================

The role CS was found to have in deciding to adopt a technology, suggests that development organizations, government agencies, and agricultural trainers will benefit from recognizing that it is possible to enlist farmers\' CS to promote technology adoption. Beyond merely focusing on farming techniques and financial means, training programs and demonstration farms could be used to boost the farmers\' CS. Moreover, policy programs could be designed to actively promote the relevant CS.

Unlike socio-economic factors, which are difficult to alter, CS are malleable and can be modified by policy tools and education. Therein lies the promise of this approach. Creativity may be built up using repeated interventions in different life stages, beginning in the education system (e.g ([@bib4]; [@bib19]; [@bib31]; [@bib56])), and continuing in adulthood (e.g ([@bib23]; [@bib24]; [@bib59])). Based on evidence from educational policy documents around the world, [@bib62] suggests that creativity remains neglected in many developing countries, whereas in developed countries, the educational philosophy and goals rely on enhancing creativity and self-actualization in students. In addition to including creativity-enhancing activity programs in schools, environments that are supportive, open, and informal are known to boost creativity, while time pressure, close supervision, and critical examination will curtail it ([@bib48]). It is therefore recommended that NGOs and demonstration farms make an effort to provide potential adopters with an encouraging and unhurried environment.

To build up Judgment, various interventions could be devised ([@bib30]; [@bib48]; [@bib53]). There is evidence that the way ideas are presented to people enhances or inhibits open-mindedness. For example, if asked to list arguments for and against an issue, rather than just arguments representing one\'s view, respondents would produce a greater number of arguments ([@bib53]). We propose that applying such interventions to farmers may bring about substantial changes. Nevertheless, as extension services may be significant in technology implementation, future research should focus on the impact and effectiveness of new extension approaches based on increasing and utilizing CS.

Finally, the study further develops the emergent field of positive sustainability by empirically substantiating a theoretical approach. We trust this novel perspective to motivate future empirical research that would test this theoretical model within diverse farming communities worldwide. Additional local and international research should seek further empirical evidence for the connection between development studies and positive psychology. The adoption of sustainable agriculture technologies holds a promise for a sustainable future, and its promotion should have priority with scholars and policymakers alike.
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[^1]: Correlation is significant at the 0.01 level (2-tailed).

[^2]: Correlation is significant at the 0.05 level (2-tailed).
